, the inhibition level was very high (≥10 -6.3 TCID 50 ml -1 reduction). The salmonid sera tested showed high inhibition, except for brook trout serum (BTS), while non-salmonid sera did not inhibit IPNV, replication on RTG-2 cells. Pretreatment of cultured cells with RTS prior to exposure did not affect inhibition of IPNV and thus did not mask a viral receptor. The RTS inhibition level was dependent on the time of serum addition, with inhibition being maintained for at least 16 h postinfection. Pretreatment of IPNV revealed that the virus is directly inhibited by RTS, and more strongly so when RTS is present during viral replication.
INTRODUCTION
The infectious pancreatic necrosis virus (IPNV), (Birnaviridae) causes highly destructive diseases in salmonid fishes, and has also been isolated from many non-salmonid species (Reno 1999 ). An IPNV inhibitor, designated '6S inhibitor' by earlier authors (e.g. Dorson & de Kinkelin 1974 , Ögüt 1995 , has been reported in rainbow trout serum (RTS) collected from individuals fish with no previous exposure to IPNV (Dorson & de Kinkelin 1974) . Dorson & de Kinkelin (1974) reported that the serum inhibitor had a sedimentation coefficient (ultracentrifugation) of approximately 6S and thus differs from the fish antibody tetrameric IgM, which has a sedimentation coefficient of 14-16S. Since the first report of IPNV inhibition by RTS, many reports have been published on this topic. However, most of these have been restricted to information about the RTS sensitivity of IPNV or the relationship between the RTS sensitivity of IPNV and its virulence (VestergardJörgensen 1973 , Dorson & de Kinkelin 1974 , Hill & Dixon 1977 , Dorson et al. 1978 , Ögüt 1995 . Not all virus isolates tested were inhibited by RTS, and the inhibition was not dependent on any specific IPNV serotype (Macdonald & Gower 1981 , Okamoto et al. 1983a , Ögüt 1995 .
It has often been reported that cell culture-adapted virus strains are more susceptible to RTS than wild ABSTRACT: We studied the characteristics of rainbow trout serum (RTS) inhibitory activity against infectious pancreatic necrosis virus (IPNV). Serum inhibition was related to the serum source and host cell in which the virus had been propagated. IPNV was more efficiently inhibited by RTS in salmonid cell lines than in non-salmonid cell lines, with inhibition highest in rainbow trout gonad (RTG)-2 cells. The RTS sensitivity of the virus was modified by the cell line through which the virus passed, with multiple passages through Chinook salmon embryo (CHSE)-214 cells producing a virus that was less sensitive to RTS. The RTS inhibition level was dependent on cell density: at a cell density of ≤ 2 × 10 5 cells ml -1 , inhibition was insignificant (tissue culture infective dose 50% = 10 -1.1 TCID 50 ml -1 reduction); however, above a density of 3 × 10 5 cells ml -1 virus types (Dorson et al. 1975 , Hill & Dixon 1977 , and also that RTS sensitivity is correlated with the virulence of IPNV and is modified by cell passage (Hill & Dixon 1977 , Hill 1982 , Ögüt 1995 . There are few reports on the mechanism of RTS inhibition or characteristics related to RTS inhibitory activity. Kelly & Nielson (1985) observed that viral adsorption to cells was somewhat inhibited in the presence of RTS. Hill & Dixon (1977) reported that the RTS sensitivity of IPNV developed sooner after multiple viral passages through the epithelioma papillosum cyprinid (EPC) line than after passages through the RTG-2 or bluegill fry (BF) cell lines. Although it was not indicated that RTS inhibition ('6S') was related to cellular induction by serum molecules such as interferon, some reports have shown that IPNV is inhibited by serum molecules such as interferon (de Kinkelin & Dorson 1973 , de Kinkelin & Le Berre 1974 , Dorson et al. 1992 .
In this paper, we described the inhibition characteristics of RTS inhibitor of IPNV under several experimental conditions.
MATERIALS AND METHODS
Serum preparation. Fishes were obtained either from wild or hatchery sources. Details of used as serum sources are given in Table 1 . Rainbow trout Oncorhynchus mykiss were obtained from the Oregon Department of Fish and Wildlife hatchery at Alsea; no IPNV has been detected at this facility for more than 25 yr. Blood samples were collected by caudal vein puncture and pooled from approximately 20 adult fish weighing approximately 600 g each. The blood was allowed to clot at 5°C overnight and centrifuged at 1000 × g for 20 min. The serum from other species was prepared in the same way. The serum was collected and portions were dispensed into 1 ml aliquots and stored in liquid nitrogen until use (Kelly & Nielsen 1985) .
Virus. The IPNV isolate used in most of our experiments was the archetype of Serotype A 9 , Jasper. This virus was isolated from diseased brook trout Salvelinus fontinalis in Maligne River Hatchery, Alberta, Canada (Yamamoto 1974) , and was obtained from Dr. B. Nicholson, University of Maine, and Orono, Maine, and originally donated to him by Barry Hill (DAFF, Weymouth, UK). The virus has been passaged for years in our laboratory. The other IPNV isolate used was a member of Serotype A 2 (Sp), designated 'Thailand'. This virus was originally isolated from diseased snakehead fish Ophicephalus striatus in Thailand (Wattanavijarn et al. 1988) . The isolate was obtained from the laboratory of Dr. Wattanavijarn.
Serum inhibition of virus in vitro. The RTG-2 cell line (Wolf & Quimby 1962 ) and other cell lines used for each experiment were propagated in 24-well plates as described by Caswell-Reno et al. (1989) (Table 2 ). We prepared 3 replicate wells for each condition. In this experiment, 3 types of media were used: Eagle's minimum essential medium (MEM) without serum (MEM-0), MEM + 10% fetal bovine serum (MEM-10) and MEM + 10% fetal bovine serum + 1%RTS (MEM-RTS). Virus was diluted with MEM-10 or MEM-RTS to give a final virus concentration of 10 4 TCID 50 ml -1
. We added 300 µl of diluted virus to a drained, confluent monolayer of cells in each well and incubated these at room temperature for 2 h. After incubation the inoculated monolayers were washed 3 times with MEM-0, and 1 ml of either MEM-10 or MEM-RTS was added. Uninoculated controls were treated with either medium, as appropriate. Cells were incubated at 18°C for 7 d in an incubator with a 5% CO 2 supply. The cytopathic effect (CPE) level was monitored daily and scaled on an ordinal scale from 0 (no CPE) to 4 (complete CPE). On the seventh day of exposure, cell culture supernatant from each well was harvested, pooled with its replicated wells, and held in liquid nitrogen until titrated.
Virus titration. The end-point dilution method described by Caswell-Reno et al. (1986) ) as defined by Spearman (1908) .
Effect of RTS pretreatment of cells. To determine if treatment of RTG-2 cells with RTS results in viral inhibition similar to treatment with interferon, unexposed cells were treated with MEM-RTS at various concentrations for 24 h followed by thorough washing of the cells prior to infection with virus. A modification of the method described by De Sena & Rio (1975) was employed. Rainbow trout serum was diluted in MEM-10 at the ratios of 5.0, 2.5, 1.8, and 1.0%. Each diluted serum sample was incubated in 3 replicate wells in 24-well plates containing confluent RTG-2 cells (approx. 3 × 10 5 cells well -1
). Control wells were pretreated with MEM-10. After 24 h treatment, the wells were washed 3 times with MEM-0 and infected with 300 µl of IPNVJasper at a concentration of 10 4 TCID 50 ml -1
. After 2 h incubation, the inoculated monolayers were washed 3 times with MEM-0 and then 1 ml of MEM-10 was added to each well. After 7 d incubation, virus titer was determined as described above.
Groups of triplicate wells containing RTG-2 cells were treated with MEM-RTS or MEM-10 (controls) for 2 h. After treatment, the cells were washed 0, 1, 3, 5 and 10 times each with MEM-0 and then exposed to 300 µl of IPNV-Jasper containing 10 4 TCID 50 ml -1 for 2 h. Following virus exposure, the cells were washed 3 times with MEM-0, and then 1 ml of MEM-10 was added to each well. Cells were subsequently incubated for 7 d and titrated following the methods described above.
Effect of time of serum addition on inhibition. RTG-2 cells were grown with MEM-10 in 24-well plates ) and exposed to 300 µl of 10 4 TCID 50 ml -1 IPNV-Jasper in either MEM-10 or MEM-RTS for 2 h at 18°C as described above. For this experiment, RTS was added to 3 wells of RTG-2 cells at various times pre-and post-exposure to IPNV. At Time 0, virus and MEM-RTS or MEM-10 were added to cells concurrently. After 2 h incubation with virus, all wells were washed 3 times with MEM-0 and then wells were incubated with MEM-10 or MEM-RTS as appropriate. In Time A groups, virus was exposed to MEM-RTS or MEM-10 before cell infection at different time intervals. In Time B groups, cells were incubated with MEM-10 until the specific time of MEM-RTS addition. On the 7th day, virus titers and the levels of CPE (determined visually) were determined from each well of MEM-RTS or MEM-10.
Effect of 2 h pre-infection treatment with RTS only vs. pre-infection plus 7 d incubation with RTS. We treated 500 µl of Thailand IPNV isolate at a concentration of 10 9 TCID 50 ml -1 for 2 h with an addition of either 4.5 ml MEM-RTS or 4.5 ml MEM-10 (control). The virus incubated in MEM-RTS was diluted with MEM-RTS or with MEM-10 to a virus concentration of 10 9 to 10 0 TCID 50 ml -1 while that incubated in MEM-10 was diluted with MEM-10 to a concentration of 10 9 to 10 0 TCID 50 ml -1
. Since the end-point of RTS inhibition in a preliminary experiment was at RTS 1:800 dilution, a further 10 -1 dilution with MEM-10 of virus (originally incubated in 1:100 RTS) was conducted to produce a concentration less than the lowest inhibitory concentration of RTS. Thus, if the virus were affected by RTS, the effect would be a result of the initial 2 h pre-treatment rather than ot the residual RTS in the incubation medium. We added 100 µl of each viral concentration, ranging from 10 0 to 10 8 TCID 50 ml 
RTS and CHS inhibition of IPNV in RTG-2 and CHSE-214 cells.
To determine if homologous cell line and serum pairings affected inhibitory activity, both chinook salmon and RTS samples and cell lines were tested. The 2 cell lines RTG-2 and CHSE-214 were propagated in 24-well plates as described above. IPNV-Jasper was diluted with MEM-10 (control) or MEM-RTS or MEM + 10% fetal bovine serum + 1% Chinook salmon serum (MEM-CHS) to a final virus concentration of 10 4 TCID 50 ml -1
. We added 300 µl samples of each diluted virus in MEM-10, MEM-RTS or MEM-CHS to both RTG-2 and CHSE-214 cells. After 2 h incubation, the inoculated monolayers were washed 3 times with MEM-0 and then 1 ml of MEM-10, MEM-RTS or MEM-CHS was added. Cells were incubated for 7 d and the virus titer was then determined.
Sensitivity of virus to RTS following passage through RTG-2 or CHSE-214 cells. To determine if passage through homologous or heterologous cells affected inhibitory activity, IPNV-Thailand was passed 5 times through CHSE-214 or RTG-2 cells. Viral RTS sensitivity was compared after 1 or 5 passages in each of the cell lines. To check for any alteration in RTS sensitivity, we determined viral inactivation after 2 h incubation with MEM-RTS. We incubated 100 µl samples of Passage 1 and Passage 5 virus originating from either CHSE-214 or RTG-2 at a concentration of 10 8 TCID 50 ml -1 with 900 µl of MEM-RTS or MEM-10 for 2 h. Each passage from the 2 cell lines was serially diluted with MEM-10 to a concentration of 10 0 TCID 50 ml -1 . We inoculated 100 µl of each viral dilution from MEM-RTS and MEM-10 origin into 96 replicate wells of a microtiter plate containing CHSE-214 cells instead of RTG-2 cells; 7 d later, the virus titer was compared between MEM-RTS and MEM-10.
Effect of cell density on RTS inhibition. RTG-2 cells in a 75 cm 2 flask were trypsinized and then serially diluted in 2-fold steps to 2 -5 with MEM-10. Diluted cells were seeded into 24-well microtiter plates (4 replicates for each cell concentration), and 4 d later, the cells from 1 of 4 wells of each cell dilution were counted in a hemocytometer after trypsinization. After determination of the number of cell per well, virus inhibition tests were conducted on the remaining replicate wells using the IPNV-Jasper isolate, following the methods used in the serum inhibition tests.
RTS inhibition of salmonid and non-salmonid cell lines. We tested 13 continuous teleost cell lines for their ability to enhance the inhibition of IPNV by RTS (Table 1 ). The cells originated from marine and freshwater fishes as well as salmonid and non-salmonid fishes, and both epithelial and fibroblastoid cell types were represented. Each cell line was propagated in 24-well plates. We tested 3 replicate wells for each cell line when cell lines were 100% confluent. The inhibition test for RTS was the same as that for RTG-2 cells.
Interspecific range of serum inhibitory activity directed against IPNV. Sera collected from 7 species of teleost fishes were used to determine their species' ability to inhibit IPNV. We selected 2 isolates known to be highly sensitive, Thailand (A 2 , Sp serotype), or midsensitive, Jasper (A 9 , Jasper serotype) to inhibition by RTS. Sera were collected from the species listed in Table 1 , prepared as for RTS, and held in liquid nitrogen until use. All sera were diluted to 1:100 in MEM-10. The inhibition test was carried out on RTG-2 cells as in an earlier subsection.
Statistical analysis. Analysis of variance was made for all data on virus activity after log-transformation. Statview Version 4.0 (Abacus Concepts) was used for the analysis.
RESULTS
To determine the extent of the inhibitory capacity of normal RTS against IPNV, a dilution series was tested using 3 isolates of virus. Of these, 2 isolates, West Buxton and Buhl (both Serotype A 1 ) were inhibited by at least 1 log 10 TCID 50 ml -1 at dilutions of 1:300 and 1:1000, respectively. The Jasper isolate (Serotype A 9 ) was inhibited at a dilution of 1:1000. Thus, to assure activity in all experiments, a 1:100 dilution of serum was used.
Effect of RTS pretreatment of cells
The average virus titers for wells treated with MEM-RTS ranged from 10 6.6 to 10 7.0 TCID 50 ml -1
. These virus titers were not statistically different from the average virus titer of wells treated with MEM-10 (10 6.5 TCID 50 ml However, this level of reduction was not significantly different from that seen in the control wells that contained MEM-10-treated cells (p = 0.3846).
There were no significant differences in the levels of virus inhibition level between wells that received dif-ferent numbers of post-treatment washes. The average inhibition levels (10 -1 TCID 50 ml -1 reduction) from wells treated with MEM-RTS were not significantly different from the control MEM-10 (p = 0.3846).
Effect of time of serum addition on inhibition
To determine the effect on virus inhibition of time of RTS addition to virus and cells, MEM-RTS was mixed with virus at different times before viral infection, or to host cells at different times after viral infection. The level of viral inhibition was dependent on the duration of the treatment with MEM-RTS (Fig. 1) . The highest level of inhibition, a 10 -6.3 TCID 50 ml -1 reduction in virus titer, was obtained when the virus was treated with MEM-RTS 2 h before infection of cells. The inhibition level, however, was significantly decreased by 1 h pre-treatment, which resulted in 10 -2.5 TCID 50 ml -1 reduction in the virus titer, a level which was maintained for 16 h postinfection and was statistically significant (p < 0.05). The addition of MEM-RTS to the wells at 24 and 48 h post-infection had no significant effect on inhibition (p = 0.0605).
Effect of 2 h pre-infection treatment with RTS only vs. 7 d incubation with RTS
To determine if the RTS inhibitor has a direct effect on IPNV, such as agglutination, virus titer was determined after a 2 h pre-treatment with MEM-RTS or MEM-10. Pre-treatment with MEM-10 followed by incubation in MEM-10 for 7 d resulted in a virus titer of 10 8 TCID 50 ml -1 . Pre-treatment of virus for 2 h with MEM-RTS, followed by dilution and incubation with MEM-10 for 7 d, reduced the titer to 10 -4.5 TCID 50 ml -1
. When MEM-RTS pre-treatment was combined with 7 d incubation in the presence of MEM-RTS, the titer was further reduced to 10 -7.0 TCID 50 ml -1 reduction.
RTS and CHS inhibition of IPNV in RTG-2 and CHSE-214 cells
To determine if serum inhibition of IPNV is related to serum source or to the species of host cell, we determined the cross-activity of inhibition in 2 cell lines, RTG-2 and CHSE-214, using sera from 2 sources, RTS and CHS. Virus inhibition was cell-line dependent. IPNV was effectively inhibited (10 -3.0 TCID 50 ml -1 reduction) by MEM-RTS when grown on the RTG-2 cell line. In the presence of MEM-RTS, no inhibition occurred for the CHSE-214 cells. On the other hand, MEM-CHS did not achieve such high inhibition as MEM-RTS. Although MEM-CHS inhibited viral replication more effectively in CHSE-214 cells than in RTG-2 cells (10 -0.8 and 10 -0.2 TCID 50 ml -1 reduction, respectively), the inhibition level was not as high as that of MEM-RTS. However, the inhibition level (10 -0.8 TCID 50 ml -1 reduction) was statistically different from that in the control wells (p = 0.0194).
In terms of CPE level, until the 4th day both MEM-RTS and MEM-CHS showed a similar level of CPE (Level 0) in RTG-2 cells, while MEM-10, positive control, showed a CPE (Level 1) 2 d after viral infection (data not shown). However, after the 4th day, the CPE level in MEM-CHS rapidly increased to the same level of CPE (Level 4) and the virus titer of the positive control (MEM-10).
Sensitivity of virus to RTS following passage through RTG-2 or CHSE-214 cells
We determined the change in RTS sensitivity as a function of the host cells in which the virus was replicated, and found that this can be significantly affected by the cell line in which virus is produced (Table 3 ). There was no significant difference in the RTS inhibition level of the IPNV isolate Thailand after 1 passage through the CHSE-214 or RTG-2 cell lines (p = 0.8147). In both of these cell lines, RTS inhi- 
Effect of cell density on RTS inhibition
RTS inhibition was tested at different densities of RTG-2 cells to determine if RTS inhibition is dependent on the cell density at which RTS inhibition is tested. RTS inhibition was highly dependent on the confluency levels of the cell monolayer at the time of viral infection (Fig. 2) . The confluence levels of the cell monolayer tested varied from 70 to 100% confluency: 70% confluency (at approx. 1 × 10 5 cells ml ). The inhibition level ranged from no significant inhibition at a cell density of ≤ 2 × 10 5 ml -1 to 10 -6.5 TCID 50 ml -1 reduction in virus titer at a cell density of 8 × 10 5 ml -1
. Below a cell density of 2 × 10 5 ml -1 , the inhibition level was insignificant, with a maximum recorded inhibition of 10 -1.1 TCID 50 ml -1
. Although inhibition at 1.2 × 10 5 cells ml -1 was 10 -1.1 TCID 50 ml -1 , this was not statistically significant from that of the control (p = 0.1379). At the highest cell densities, inhibition levels were 10 -6.3 TCID 50 ml -1 reduction at 3 × 10 5 cells ml -1 and 10 -6.5 TCID 50 ml -1 reduction at 8 × 10 5 cells ml -1
. These levels of reduction were significantly higher those for the lower cell densities at 3 × 10 5 cells ml -1 (p < 0.0001) and 8 × 10 5 cells ml -1 (p = 0.0003).
Virus inhibition in salmonid and non-salmonid cell lines
We tested 9 salmonid and 4 non-salmonid cell lines to determine if virus inhibition of RTS inhibitor was cell-line specific, and found that serum inhibition was host-cell specific, with RTS (salmonid serum) showing a higher inhibition when the virus was incubated in salmonid cell lines rather than in non-salmonid cell lines. Of the 9 salmonid cell lines tested, strong RTS inhibition was found in 5: RTG-2 (10 -6.6 TCID 50 ml ), CHH-1 (10 -6.0 TCID 50 ml -1 reduction) (Fig. 3) . No inhibition of virus (<10 -0.1 TCID 50 ml -1 reduction) was evident in the other salmonid cell lines ( . Among the salmonid cell lines, the highest level of inhibition was in host cells from the homologous species (RTG-2 and RTH-149 cells) (Fig. 3) . Of the 4 non-salmonid cell lines tested, 2 (BF-2 and PHE-184) did not show significant RTS inhibition (<10 -1.0 TCID 50 ml -1 reduction) (Fig. 4) . The 2 ictalurid cell lines (CCO and BB) tested showed significant virus inhibition: 10 -1.9 TCID 50 ml -1 (p < 0.0001) and 10 -3.8 TCID 50 ml -1 reduction (p = 0.0002), respectively. However, their level of RTS inhibition was significantly lower than the levels with the 5 salmonid cell lines that showed signif- 
Interspecific range of serum inhibitory activity directed against IPNV
The inhibition activity of sera obtained from 7 species of fishes was tested to determine the interspecific range of virus inhibition of 2 isolates known to be sensitive to RTS (see Table 1 for list of species and abbreviations). Inhibition activity showed high variation depending on serum sources and virus tested. No significant serum inhibition of IPNV-Thailand was found in 3 non-salmonid sera -flounder (FLS), sablefish (SAS), and herring. All 4 salmonid sera inhibited IPNV-Thailand, while no inhibition was detected for non-salmonid sera. Except for BTS, the salmonid sera tested produced high inhibition, while non-salmonid serum did not inhibit virus replication.
The Thailand isolate was only slightly inhibited by BTS (10 -1.5 TCID 50 ml -1 titer reduction); however, the inhibition level was statistically different from that of the controls (p = 0.0056). IPNV isolate Jasper was less inhibited by salmonid sera than the IPNV Thailand isolate. IPNV-Jasper was inhibited by RTS and COS (10 -6.5 and 10 -2.2 TCID 50 ml -1 reduction, respectively) however, the isolate was not significantly inhibited by CHS (10 0 TCID 50 ml -1 reduction) or brook trout serum (BTS) (10 -0.6 TCID 50 ml -1 reduction) (p = 0.5072).
DISCUSSION
Previous work has indicated that there is significant variation in RTS inhibition levels depending upon the IPNV isolate used (Ögüt 1995) . There is little information on the effects of virus passage history, cell line, cell density or other factors that may be encountered during in vitro studies on RTS inhibition. The experiments we conducted were designed to determine whether any of these factors could affect the ability of RTS to inhibit IPNV replication. Ögüt (1995) found that each IPNV isolate has a different sensitivity to RTS. In this study we also found significant differences in sensitivity to RTS, depending on the cell type or conditions used when assaying for inhibition. Hill & Dixon (1977) reported that sensitivity to RTS was developed sooner for IPNV that was serially passed through the EPC cyprinid line than in RTG-2 or BF cell lines. Kelly & Nielsen (1985) reported that susceptibility of IPNV-VR 299 from 2 separate laboratories to RTS was different; the virus from one laboratory was inhibited, but the virus from the other laboratory was not. We also found that sensitivity changed, depending on the cells in which the virus was replicated. Although Kelly & Nielsen (1985) reported RTS inhibition in CHSE-214, we found that although this virus was sen- sitive to RTS when grown in RTG-2 cells, there was no evidence of inhibition in CHSE-214 cells over a period of 7 d incubation. However, an RTS-sensitive virus that had replicated in RTG-2 cells became less sensitive to RTS when passed 5 times through CHSE cells. IPNV begins to produce large numbers of progeny after at least 20 h (Malsberger & Cerini 1963) , and it is possible that the virus raised in the CHSE-214 cell line is resistant to the RTS inhibitor, or that interferon production in CHSE-214 is not high enough to inhibit IPNV replication. Our suggestion of interferon involvement is based upon our observation of different levels of virus inhibition in cell lines from salmonids and nonsalmonids. Furthermore, RTS inhibition was high at high cell densities, when higher levels of interferon production would be expected. Both the RTG-2 and CHSE-214 cell lines have been known to become persistently infected by defective interfering particles (MacDonald & Kennedy 1979 , Hedrick & Fryer 1981 . The RTG-2 (Okamoto et al. 1983b ) and CHSE-214 (Jensen et al. 2002) cell lines, and rainbow trout (de Kinkelin & Dorson 1973) have been known to produce interferon-like activity. The result of our experiment on the effect of RTS pretreatment of cells for 24 h before infection indicates that inhibition is not induced by pretreatment of RTG-2 cells with RTS, such as interferon. Another result of our experiments confirmed that RTS inhibition was not related to the masking of viral receptors on the cells. However, an interesting result was obtained from our experiment on the effect of cell density on RTS inhibition (Fig. 2) , whereby higher cell densities yielded higher inhibition by RTS. This result indicated 2 possible mechanisms: (1) interferon involvement, since interferon inhibition was stronger when RTG-2 cell density was high (Okamoto et al. 1983b) ; (2) the progeny virus replicated at high cell density may be more sensitive to RTS. However, we found no significant difference in RTS sensitivity between virus produced in low and high cell densities of RTG-2 cells (data not shown). It has been reported that IPNV induced interferon in both rainbow trout (Dorson et al. 1992 ) and in cell lines from rainbow trout (De Sena & Rio 1975 , Okamoto et al. 1983b . Fathead minnow cells (FHM) (Gravell & Malsberger 1965 , Oie & Loh 1971 and RTG-2 cells (Okamoto et al. 1983b) have been well studied in this respect, and have been shown to secrete interferon in response to viral infection. Interestingly these 2 cell lines, FHM and RTG-2, have been most often used in virus inhibition tests in vitro. Okamoto et al. (1983b) reported that inteferon production due to IPNV infection in RTG-2 cells was dependent on cell densities; interferon production was high for tightly confluent cell monolayers and low for loosely confluent cell monolayers. They also found that viral infectivity titers were notably decreased for a tightly confluent 3 d old cell monolayer. They interpreted the low viral infectivity titer as a consequence of high interferon production. In our study, inhibition by RTS was high for a tightly confluent cell monolayer while there was no inhibition for a loosely confluent cell monolayer. Neither RTG-2 nor CHSE-214 cells showed CPE until 3 d after exposure to IPNV (data not shown). However, after 3 d later, CPE rapidly appeared in CHSE-214, and ultimately these cells produced the same virus titer in MEM-10 and 1% RTS as in MEM-10. In contrast, virus grown in RTG-2 cells in the presence of 1% RTS showed no evidence of CPE.
In general, CPE development in RTG-2 was dependent on serum source and cell density. At a low cell density (approx. 1 to 2 × 10 5 cells ml -1
), CPE developed in 5 to 7 d, while at a high cell density (approx. 3 to 8 × 10 5 cells ml -1
), CPE was not apparent even at 7 and 14 d post infection. However, CPE development did not always follow this pattern, being dependent on serum source and the freshness of the RTS. Chinook salmon serum did not significantly inhibit IPNV replication in CHSE-214 or RTG-2 cells; however, we found that higher inhibition was obtained for CHSE-214 cells than for RTG-2 cells. This indicates that the lack of inhibition by RTS in CHSE-214 is partially related to serum-host specificity as well as to cell line.
As reported by Dorson et al. (1975) , we found that sensitivity of IPNV to RTS changes with the number of passages through a particular cell line. There was no difference in the sensitivity of the virus to RTS in the cell lines RTG-2 and CHSE-214 at the first exposure to RTS before viral attachment to the cell. However, after 5 passages through these cells, the virus produced in CHSE-214 cells eventually become more RTS-resistant. This result led us to consider whether RTG-2 and CHSE-214 cells may have different cell-membrane characteristics that could cause IPNV to undergo viral modification such as seen in the enveloped virus. The possibility of glycosylation in Capsid Protein VP2 of IPNV has been suggested (Estay et al. 1990 , Hávarstein et al. 1990 , Hjalmarsson et al. 1999 ) and may consequently have an effect on RTS sensitivity. The question as to whether this occurs in certain cells remains open.
Inhibition of IPNV by RTS has been reported in nonsalmonid cell lines, FHM (Kelly & Nielsen 1985) , BF-2 and EPC (Hill & Dixon 1977) . The toxicity of RTS to EPC cells has also been reported by Hattenberger et al. (1989) . In our study we found that RTS was toxic to the FHM and EPC cell lines even at 1:1000 RTS dilution. We also found that RTS inhibition was insignificant in BF-2 and PHE-184 cells. However, we found significant RTS inhibition for CCO and BB cell lines. The difference between our results on RTS inhibition in BF-2 cells and those of Hill & Dixon (1977) may be the result of differences in the methods used. Hill & Dixon (1977) used a plaque assay method with approximately 2 to 4 d incubation, while our experiments involved 7 d incubation. As in the inhibition comparison between RTG-2 and CHSE-214, we suspect that IPNV in BF-2 cells may have initially been inhibited by RTS, but that the virus was not inhibited further during the subsequent 7 d incubation.
All data on serum inhibition of IPNV has been obtained using rainbow trout serum (VestergardJörgensen 1973 , Dorson & de Kinkelin 1974 , Hill & Dixon 1977 , Dorson et al. 1978 , Kelly & Nielsen 1985 , Ögüt 1995 . In our study serum inhibition of IPNV occurred only when salmonid sera was used. Nonsalmonid sera had no inhibitory effects on IPNV. Of the 4 salmonid sera tested, 3 showed strong inhibition of both strains of IPNV. BTS, however, showed only slight inhibition of IPNV-Thailand and no inhibition of IPNVJasper. This result has biological significance, as brook trout are known to be the species most susceptible to IPNV (Silim & Lagace 1982) . It is possible that serum inhibitor ('6S') is present only in salmonid sera. It is also possible that different species of salmon have different amounts of serum inhibitor. In these experiments we used the salmonid cell line RTG-2, and the lack of inhibition seen with non-salmonid sera may have been caused by our use of this particular salmonid cell line. Although we cannot rule out this possibility, we do not feel that it is necessarily the case, since herring serum did not inhibit IPNV-Jasper in the herring cell line PHE-184 (data not shown). Kelly & Nielsen (1985) determined the effect of trout serum on 32 P-labeled IPNV-Sp adsorption. They observed that approximately 97% of IPNV-Sp was not adsorbed to the FHM cells in the presence of RTS, whereas about 55% of the control virus was not adsorbed to the cells. In our experiment on the effect of 2h pretreatment with RTS we found that IPNV was strongly inactivated by only a 2 h treatment with RTS and was even more inactivated when RTS was present in the media during a 7 d incubation period of viral replication. Even though our experiment and the experiment of Kelly & Nielsen (1985) were conducted by different methods, both studies observed that IPNV is directly inhibited by RTS and that some portion of the virus could be adsorbed to cells even in the presence of RTS. We found that RTS needs to be present during viral replication to inhibit the replication of penetrated virus. Future studies of RTS inhibition using a 7 d incubation period will concentrate more on the cell line used than on serum-host cell-specificity. Phenotypic characteristics of progeny virus and the amount of interferon production by cells could be important factors for RTS inhibition during the 7 d incubation period.
In conclusion, this study has shown that RTS directly inhibits IPNV and that the RTS inhibition level is dependent on many factors: time at which the virus is exposed to RTS, serum source, host-cell characteristics, and virus-passage history. Salmonid sera have a higher inhibition activity than non-salmonid sera.
